Based on the study of cores, analytical data and statistics data from the second member and the third member of the Permian Xiashihezi Formation (P 1 x 2 and P 1 x 3 ) in the Daniudi Gas Field, Ordos basin, China, the shore-shallow lake deposition can be confirmed in the study area for the first time. The discovery of tempestite deposition and the sandbody reworked by lacustrine waves can be inferred by the observation of cores. The presence of type II 1 kerogen indicates stable infralittoral deposits in this area. Also, the analysis of chemical elements indicates that the water depth became deeper from north to south and that the deposition environment changed from onshore to underwater. Moreover, the distribution of mudstone colors reveals that the lake shoreline changed over different periods. Based on the study of sedimentary facies and the statistics of the gas pool, the closed relationship between lake shoreline and the distribution of the gas pools is conformed.
INTRODUCTION
The Daniudi Gas Field is located in the northeastern area of Yishan Ramp in the Ordos Basin. The Permian Xiashihezi Formation is one of the important reservoirs in the Ordos Basin . The Xiashihezi formation is composed of medium-to-grained sublitharenites, with 80%-90% quartz grains (He et al., 2003) . The rock fragments consist of metamorphic grains and volcanic grains that came from volcanic eruptions almost simultaneously with the sedimentation . Because of intense compaction, most primary pores have been lost. The residual primary pore space accounts for only 0.3-2% and locally 5-8% (Zhang et al., 2002) . In the course of diagenesis, organic acid released by the surrounding mudstone and coal entered into the Xiashihezi sandstones, leading to the dissolution of volcanic grains. As a result, intergranular and intragranular dissolution pores, accounting for 5-7% at the maximum, are developed, providing the principal pore types for storing gas (Zhang et al., 2002) . The member 2 of the Permian Xiashihezi Formation (P 1 x 2 ) and member 3 of the Permian Xiashihezi Formation (P 1 x 3 ) are key productive formations in the Daniudi Gas Field, and are also important strata of the lithologic traps in gas pool exploration (Hu, 1986) .
Many previous studies of the sedimentary system in this area have been published. Tang and Sun (2007) proposed that the Xiashihezi Formation is a fluvial facies. They also studied the sequence stratigraphy and correlated it with the sand body. Chen et al. (2004) proposed that the members 1 and 2 of the Xiashihezi Formation developed as a braided fluvial facies, whereas the member 3 is characterized by meandering river deposition, and the reservoirs are in channel sandstone. Guo and Liu (2000) also proposed that the Xiashihezi Formation is a braided fluvial depositional system in the Daniudi Gas Field. Overall, previous research has indicated that in the Daniudi Gas Field, fluvial facies are developed widely in the Xiashihezi Formation and then, with the reduction in the sandstone/strata ratio, a meandering river facies gradually developed in the members 1, 2 and 3 (Hao et al., 2007; Chang et al., 2004; Cao, 2005; Chu et al., 2006; Zhuo et al., 2006) .
Many studies have been carried to identify the factors controlling the formation of the gas reservoir in the Daniudi Gas Field. Wang et al. (2004) proposed that the gas reservoir in P 1 x 2 and P 1 x 3 is a lithologic trap controlled by a distributary channel. Chu et al. (2006) found that a productive reservoir had developed in the sandstone and conglomerate of a meandering river channel on an alluvial plain. Chen et al. (2004) proposed that the reservoir is mainly a channel sand body. Most researchers maintain that the gas reservoirs predominantly developed in channel microfacies, which are controlled by a petrological phase. In terms of the present situation, practical problems remain in the exploration and development of the Daniudi Gas Field, including the following main issues. 1) There is considerable variability in the vertical productivity of P 1 x 2 and P 1 x 3 , and the gas production tends to decrease from P 1 x 3 to P 1 x 2 in the Daniudi Gas Field. 2) The high-quality reservoirs are regularly distributed in the study area within high gas production in the southwest and poor gas production in the northeast.
3) The production of gas in the updip (northeast) is small, even zero, and whereas the development wells at downdip (southeast) locations produce more. 4) It seems that different genetic types of sand bodies have different gas-bearing properties; these genetic types and the developmental regularities of the high-productivity layer require more research. To resolve these problems, the fluvial facies perspective must be further studied in detail. Although the microfacies are channels, different genetic types of channels controlled the distribution of the high-capacity gas reservoir.
In this study, cores of 25 wells, well-logging of 120 wells, grain-size, color data of mudstone and geochemical analysis are used. The braided delta-shore-shallow lacustrine facies are confiremed in P 1 x 2 and P 1 x 3 in the Daniudi Gas Field, and the sand bodies in this area include not only subaerial river channel deposits but also subaqueous braided channels, mouth bars, tempestites, etc. Based on the distribution of the colors of the mudstones, the location of the lake shoreline and the distribution of the lake in the study area can be confirmed. Finally, from a study of the sedimentary facies, with a statistical analysis of the gas pool distribution, the conclusion that lake shoreline clearly controlled the distribution of the gas pool, and that the underwater sand body better facilitated gas accumulation than did the subaerial sand body can be drew.
GEOLOGICAL SETTING
The Ordos Basin is a polycyclic craton basin with an area of about 320,000 km 2 . It can be divided into six units according to its tectonic form and evolution, i.e., the Yimeng Uplift, the Western Edge Overthrust belt, the Tianhuan Depression, the Yishan Ramp, the Jinxi Flexure Belt, and the Weibei Uplift. The general structural form of the basin is characterized by a gently sloping monocline inside the basin and complex geology at the edge of the basin Gao et al., 2009) It is structurally updipping northeastward and downdipping southwestward (Fig. 1) . ), and member 3(P 1 x 3 ) (Fig. 2) . Figure 2 . The Stratigraphic divisions of the Permian in the Daniudi Gas Field (Well D3).
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TYPES AND FEATURES OF SEDIMENTARY FACIES
Based on the study of cores, well logging, facies markers, the depositional features of the typical facies, and various kinds of analytical data, a braided delta-shore-shallow lake deposition system in P 1 x 2 and P 1 x 3 in the Daniudi Gas Field is identified. The main facies markers and typical facies are as follows.
Braided delta
Braided delta plain
The braided channel dominates the braided delta plain, and the braided channel can be divided into the channel bar, channel floor conglomerate lag, and channel chaotic mélange (Fig. 3) .
A. Channel bar (Fig. 3A) : the main composition of the bar is medium-coarse sandstone, including crude pebbled sandstone. It always appears normally graded with channel floor conglomerate caused by tractive current. Trough cross stratification and tabular cross stratification are the predominant stratifications. The planar-tabular cross stratification is attributed to migration of sand waves (Harms and Fahnestock, 1965; Harms et al., 1975) . And the trough cross stratification is attributed to migration of dunes (Collinson, 1970; Harms et al., 1975) , or synonymously, megaripples (Williams, 1971; Singh and Kumar, 1974) .
B. Channel floor conglomerate ( Fig. 3B ): the main features of the lithology are massive conglomerate, granules, and some pebbles. They are poorly sorted, but the roundness is quite high. The arrangement of the conglomerate has a directional property, and the main components are quartzitic rock fragments, volcanic rock fragments, metamorphic rock fragments, flint, mud pebbles, and so on. The channel floor conglomerate has little matrix, is particle supported, and indicates controlled by a grain flow. Massive bedding is predominant. C. Channel chaotic mélange ( Fig. 3C ): the channel chaotic mélange has a lot of matrix, and is matrix-support. It shows a debris flow deposition.
Braided delta front
Provided the considerable substance from the north provenance, affected by weaker dynamic forces of the shallow water of the lake and the stronger force of the river, made the subaqueous distributary channel the most important part. A subaqueous distributary sand body, which contacted the mud of the shallow lake facies, is well developed in the study area; while mouth bar and distal bar are also formed but less developed.
The C-M plot shows PQR sections (Fig. 4) , but the content of the graded suspension section QR is highest, which shows the strong action of gravity flow in the braded delta.
Subaqueous distributary channel
Subaqueous distributary channels represent the most active part of distributive channel network and are intimately associated with mouth bars (Cornel and Janokp, 2006) . The lithology includes granules, medium-coarse pebbled sandstone, and fine siltstone. The structures of the filled zone are swash, massive bedding, trough cross stratification, large-scale tabular cross stratification, and parallel stratification, which are mainly sedimentary structures in braided systems (e.g., Miall, 1996) that reflect the strong hydrodynamics. The channel floor sometimes developed a continuous sand body with no mudstone interbedded, by swashing the underlying mudstone. According to the lithology and the process of sedimentation, we can divide the subaqueous distributary channel into the subaqueous channel bar and the subaqueous channel floor conglomerate.
A. Subaqueous channel bar Medium-coarse conglomeratic sandstone and medium-coarse sandstone are main lithology of subaqueous channel sand bar. Tractive current sedimentation can be identified by the discovery of the fining upward graded cycle of grain size. Massive stratification, trough stratification, tabular stratification, and less parallel stratification reflect a sedimentary environment with a strong hydrodynamic force. The features of the grain size curves (Fig. 5A) show that most samples have a two-subcomposition shape. The saltatory composition of the samples is high, at about 80%-90%, whose slope is 70Њ-80Њ, reflecting good sorting. The content of suspended composition is about 10%-20% and the fine truncation point is about 3ϕ-4ϕ, reflecting the strong hydrodynamic force.
B. Subaqueous channel floor conglomerate The subaqueous channel floor conglomerate predominantly includes massive conglomerate and granule stone. The conglomerate is a sedimentation suite of clastic fragments, which has the characteristics of a mediocre sorting coefficient, a high degree of roundness, directional arrangement, little matrix, and is particle supported, with massive stratification, large trough cross stratification, large tabular cross stratification, and a filled zone of swash at the bottom.
Subaqueous interdistributary
The microfacies of the subaqueous interdistributary are distributed outside the flanks of the subaqueous distributary channel. Suspension is the main sedimentation process. The lithology is mostly grayish-green, grey, light grey, and chromocratic mudstone, with little silty mudstone or pelitic siltstone, which indicates a subaqueous sedimentary environment. Some thin-bedded sand bodies are distributed among subaqueous interdistributary mudstone. The lithology varies indefinitely. Sometimes granule stone is evident, formed by the overflow of the subaqueous channel.
Mouth bar
The mouth bar is the most representative microfacies in the braided delta front. The lithology predominantly includes pelitic siltstone, silty fine sandstone, medium fine sandstone, few gritstone. The cycle is inversely graded, coarsening upward. The sedimentary structure contains wave-generated cross stratification and graded bedding, which indicates its reconstruction from detrital material delivered by the braided channel of the lake basin. The energy of the reconstruction is provided by the water body and the wave hydrodynamic force of the lake. The grain size curve can be divided into three sections, including two saltatory compositions and one suspended composition (Fig. 5B) . Because of the repeated waves, the saltatory composition accounts for most of these grains and the grains are well sorted. The thickness of the single sand bed is just 2-3m. The sorting and roundness of the particle-supported grains are both high. The mouth bar can be into divided into the crest of bar and the margin. The grain size in the crest of the bar is coarse and most of the grains are medium-coarse sandstone. Parallel bedding and wave cross bedding are found in mouth bar which reflect the strong hydrodynamic forces. While, the margin is predominantly composed by fine sandstone or siltstone, and wavy bedding is the major sedimentary structure developed, which reflects the weaker hydrodynamic forces.
Distal bar
The distal bar is located at the end of mouth bar and had a thin sand body. The pelitic siltstone and siltstone are predominantly well developed. Parallel and wavy bedding are major sedimentary structure.
Shallow lacustrine deposition
The shallow lacustrine deposition in the study area consists of shore-shallow lake mudstone and tempestite, and tempestite is the main shallow lacustrine deposition (Lin et al., 2008) . Tempestite is the significant marker of shore-shallow lacustrine facies because it is only possible in lacustrine facies and marine facies.
Most of the lacustrine sedimentary structures are wave cross bedding and ripple, which resulted from lacustrine waves in the study area. Chevron cross bedding, with a lower angle and multiple directions, is caused by wave washing and back washing in mediumfine sand. It is mainly distributed in the mouth bar of a delta front and in lacustrine facies (Fig. 6A) . The ripple is a common bedding plane structure, which is an undulating trace caused by waves and currents on the surface of nonviscous deposits. It is also one of the modal sedimentary structures in shore-shallow lacustrine facies (Figs. 6B and 6C ). at a depth of 2656.8m (B) Ripple, caused by waves and currents on the surface of nonviscous deposits, D21 at a depth of 2647.26m (C) Ripple, caused by waves and currents on the surface of nonviscous deposits, D15 at a depth of 2786.8m.
Sedimentary systems and their influences on gas distribution in the second member and third member of the Permian Xiashihezi Formation in the
The kerogen type
Kerogen type III is mainly developed in onshore and marsh zones. Kerogen type I and II are mainly found in infralittoral zones and sustained water bodies. Kerogen type II 1 is found in the southwest of study area which shows a subaqueous lacustrine depositional environment.
Chemical elements
Chemical element analysis can provide evidence of mechanical differentiation, chemical differentiation, and biochemical differentiation during the process of deposition, which has closed relationship with the depth of lake water. (Jiang, 2003) can also reflect water depth changes. Higher contents of CaO and lower contents of Cu can be interpreted as lake water growing deep. The contents collected by well D33 and D62 can show that the water depth has grew deeper form north (D33) to south (D62) ( Table 1) . So the conclusion can be drawn that the sedimentary environment changes from onshore to underwater from the north to the south. 
Mud colors
Mud colors are essential in reconstructing a sedimentary environment and sensitively reflect the oxidation or reduction of the sedimentary environment. Generally, dark colors, including black, dark gray, grayish black, and gray, indicate a reducing environment in a relative deepwater basin, and are called reducing colors. While red and red-brown colors indicate an exposed to air or onshore environment, and are called oxidizing colors.
The distribution of lake shoreline
The content of oxidizing and reducing color in mudstone can reveal certain information of sedimentary environment. By the comprehensive analysis of sedimentary structures of key wells, kerogen types, Chemical elements and color data collected from wells, an approximate lake shoreline can be identified and mapped. The scale of lake shorelines has reduced from P 1 x 2 to P 1 x 3 and mainly distribute in the southwest area (Fig. 7A and 8A ).
SIGNIFICANCE OF THIS RESEARCH
A close relationship between the lake shoreline and the distribution of gas pool can be confirmed according to a statistical analysis of the locations of the gas pools. This relationship can be obviously found by the study of cross-sectional sedimentary facies and planar sedimentary facies of P 1 x 2 and P 1 x 3 . A north-south cross-sectional (Fig. 8) and a west-east cross-sectional (Fig. 9) sedimentary faices diagrams are selected to study the gas pools distribution. The red area indicates onshore depositional environment, and the gray indicates the subaqueous depositional environment in these two sections. From P 1 x 2 to P 1 x 3 , there is a lake regression over the area, with the lake shoreline moving from the north to the south, and the locations of the gas pools are consistent with it, also moving from the north to the south (Fig. 8) . A similar phenomenon can be observed from west-east cross-section that the lake shoreline and gas pools both move from east to west, from subaqueous depositional environment to onshore depositional environment (Fig. 9) . Furthermore, most of the gas pools are located in the underwater sand body, which is controlled by the lake shoreline. It's obvious to see that most of gas pools are located in the gray area, the subaqueous depositional environment. So the conclusion that gas pools are confined by the lake shoreline can be easily drew.
Furthermore, the lake shoreline moved toward to the southwest and gas pools are reduced and also moved to the southwest from P 1 x 2 to P 1 x 3 can be also seen from the study of planar sedimentary facies of P 1 x 2 and P 1 x 3 (Fig. 10) . Braided delta front are developed in the southwest and braided delta plain are developed in the northeast. Meanwhile most of gas pools are located in the southwest which is confined by the lake shoreline, and only few gas pools are in the northeast area. Therefore the distribution of gas pools are controlled by lake shoreline can be inferred.
The controlling factors for gas enrichment in subaqueous depositional environment area have four components: 1) the gas source is influenced by lake shoreline; 2) the distribution of the sandstone is influenced by the lake shoreline; 3) the reservoir is influenced by the lake shoreline; and 4) the gas migration is influenced by lake shoreline to some extent.
The gas source is influenced by the lake shoreline
The coal beds in the Canboniferous and Permian Shanxi Formation are the mainly source rock (Hao et al., 2006; Hao et al., 2007; Yin et al., 2007; Zheng et al., 2007) . The data (Table 2) show that the lake facies mudstones of P 1 x 2 and P 1 x 3 as well as coal beds in the Canboniferous and Permian Shanxi Formation are the gas source beds of the Daniudi Gas Field. Therefore, due to phenomenon that the locations of the lake facies mudstones are controlled by the lake shoreline, the source of the gas is also confined by the lake shoreline. Furthermore, the underwater sand body is closer to the source area, the gas pools are more readily built up in the southwest subaqueous depositional environment.
The distribution of the sandstone is influenced by the lake shoreline
The thickness and scale of the sandstones tend to increase from the subaerial sandstone to the subaqueous sandstone (Figs. 8 and 9 ). The subaerial sandstone is developed on a smaller scale, with poor continuity, whereas the underwater sandstone is developed on a larger scale, with good continuity. According to the cross-section diagrams, the scale of the sandstone increases from northeast to southwest and connectivity of the underwater sandstone are greater than those of the subaerial sand body. Thus, the distribution of the sandstone is controlled by lake shoreline. reservoir. Also the physical properties of the underwater sandstones are better than those of the subaerial sandstones, e.g., the physical properties of the sandstone of the subaqueous distributary channel are better than those of the subaerial braided channel sand body. In our research area, there is a braided delta plain and a braided delta front, from the subaerial environment to the underwater sedimentary environment, so the components and compositions changed across different sites. After the deposition of Figure 10 . Gas pool location map of the sublayers in P 1 x 2 (A) and P 1 x 3 (B) in the Daniudi Gas Field.
the terrigenous clastics in the lake, they are continually reworked by the waves, so most of the matrix is screened out, improving the physical properties of the sandstone.
The gas migration is influenced by the lake shoreline
The gas mainly migrated along the framework sandstone in this area. According to Figures 8, 9 and 10, the scale of the framework sandstone decreases from south to north and from west to east, so the gas lateral migration is usually blocked by the lithologic boundary along the lake shoreline . Therefore, the gas migration is controlled by the lake shoreline to some extent.
CONCLUSIONS
With the study of cores from the Daniudi Gas Field and various kinds of analytical testing, combined with previous research, we have found much evidence of shoreshallow lake deposition in the study area. The existence of type II 1 kerogens also indicates that there are stable infralittoral deposits in the study area. The analysis of chemical elements also indicated differences in the water depth in the north and south. The increase of water depth from north to south means the depositional environment changed from onshore to offshore. Moreover, the distribution of mudstone colors indicates changes in the lake shoreline in different periods. Based on the study of sedimentary facies, together with a statistical analysis of the gas pools, conclusion can be drew that the distribution of the gas pools is clearly controlled by the lake shoreline. This will help to explain why there are many gas pools in the southwest channels but rare gas pools in the northeast ones. These findings are significant for further exploration activities in this area.
